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Abstract— Gettering properties of thin films of pure yttrium 
and yttrium-based alloys have been studied for application to 
MEMS vacuum packaging at the wafer level. Thin films of Y, 
Zr-Y, Ti-Y and V-Y were co-evaporated under ultra-high 
vacuum. It is demonstrated that the sheet resistance measured 
by 4-probes technique before and after activation at 250°C gives 
a good estimation of the oxygen sorption ability determined by 
NRA. Pure yttrium has been found to be highly reactive after 
deposition (sheet resistance increases by 40% after 1 month in 
air) but poorly efficient in oxygen trapping after activation. 
Conversely, the sorption ability of Y-V, Y-Zr and Y-Ti alloys is 
extremely high and increases with the yttrium content in the 
film. The bests results for sorption are obtained with Y-V (2.7 
1022 atom/cm3 for Y44V56). 
Keywords— Getter film, yttrium alloys, oxidation, sheet 
resistance, in-situ measurement, RBS, NRA 
I. INTRODUCTION
Vacuum packaging is required for various kinds of 
microelectromechanical systems (MEMS) such as resonant 
sensors, bolometers, RF switches and scanners. In most of 
cases, an internal pressure lower than 10-3 mbar is mandatory 
to ensure optimal performances during the MEMS lifetime (10 
years). To solve this issue, non-evaporable getter (NEG) thin 
films are usually integrated in wafer-level packages to trap 
gases released during outgassing and bonding steps, and to 
compensate leaks during device lifetime. 
NEG thin films are usually based on transition metals 
because of their high reactivity with gases, and particularly 
with oxygen after thermal activation. Among them, titanium, 
vanadium, zirconium or alloys of them eventually doped with 
rare-earth (RE) additives, are the most common getter films 
[1]. 
After deposition, a getter thin film is unable to sorb gases 
because of its passivation by natural oxide after air exposure. 
To be able to sorb gases again, it must be activated by thermal 
annealing under vacuum. This annealing induces a diffusion 
of oxygen and other surface contaminants into the bulk of the 
film, which regenerates a metallic and reactive surface. 
Titanium and zirconium are getter materials of interest for 
their high oxygen solubility limit, while vanadium presents a 
large diffusion length for oxygen [2]. The rare-earth elements 
facilitate the reduction process of the passivating oxide [3]. 
NEG films presenting a low activation temperature are 
characterized by a high density of grain boundaries [2]. The 
state-of-art in this domain concerns two ternary alloys: Ti-Zr-
V and Zr-Co-RE. Activation temperatures as low as 200°C-1h 
[2] or 160°C-2h [4] for Ti-Zr-V alloy and 200°C-30 min for
Zr-Co-Ce alloy [5] have been demonstrated.
Yttrium has received little attention as a getter material. It 
is known as an excellent non reversible getter for hydrogen 
[6], since it can form stable hydrides [7]. It might have also a 
catalytic effect for the cracking of hydrocarbon gases [8]. If 
we except argon gas that cannot be sorbed by getter films since 
it is a noble gas, the main residual gas in a packaged cavity is 
methane [9-10]. Consequently, Y is expected to be a good 
candidate as a getter for vacuum packaging. 
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In this work the oxygen gettering properties of evaporated 
thin film of yttrium and yttrium alloyed with zirconium, 
vanadium or titanium are evaluated. These films were 
activated during annealing at 250°C under argon with traces 
of oxygen and water vapor. The sorption properties for oxygen 
were evaluated after annealing by sheet resistance 
measurements and Nuclear Reaction Analysis (NRA). 
II. EXPERIMENTAL PROCEDURE 
Yttrium and Y-based alloy thin films with variable 
composition have been elaborated on 100 mm (100) Si wafers 
by using a Plassys MEB800S UHV e-beam co-evaporation 
set-up. Pure yttrium films were deposited at 0.5 nm/s. Couples 
of deposition rates were chosen between 0.1 and 0.5 nm/s to 
deposit alloys of Ti-Y, Zr-Y and V-Y with different yttrium 
content. The thickness of all deposited films was close to 200 
nm. Background pressure in the chamber during deposition 
was in the 10-8 mbar-10-9 mbar range. Hydrogen partial 
pressure has been monitored during deposition by using 
residual gas analysis (RGA). 
Alloy composition of the films were determined by EDS 
and confirmed by RBS. The thickness of the films was 
checked by SEM measurement. 
The sheet resistance of the films was measured by 4-
probes electrical measurement just after deposition. This 
measurement was repeated on a monthly basis since their 
deposition. 
The sorption properties of the films were evaluated after 
activation at 250°C during 75 min in an oven under argon. 
Then the oxidation of the samples was estimated by 4-points 
sheet resistance measurements. The global oxygen content in 
the films before and after annealing was measured by NRA. 
Films have been exposed to a deuteron beam at 900 keV. 
Quantification of oxygen is done using the nuclear reaction 
16O (d, α0) at 166°. 
III. RESULTS AND DISCUSSION 
A. Reactivity at room temperature 
The sheet resistance variations of an yttrium film were 
measured during 3 days in air from 15 min after its deposition 
(Fig. 1). The sheet resistance monotonically increases during 
air exposure. After a transient time of nearly one day, the 
growth of the sheet resistance is nearly linear with the square 
root of time. According to Curzon et al [7], the resistivity of a 
Y film rapidly increases during the first minute of its air 
exposure, and slowly beyond. However, the measurement 
duration was limited to only 5 minutes in their experiments. 
 
Fig. 1. Sheet resistance variation of a 200 nm-thick yttrium film exposed 
to ambient air. 
 
Fig. 2. Comparison between 200 nm-thick yttrium films exposed at 
ambient air and nitrogen. 
 
Fig. 3. Oxygen content profile in an yttrium filmafter 14 days of exposure 
to ambient air deduced by RBS (a) and after 38 days of exposure to 
ambient air deduced by NRA (b). 
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Our experiments show that even after 3 days the yttrium film 
is not yet efficiently passivated. This would mean that oxygen 
atoms could be sorbed and diffuse through the surface oxide 
at room temperature. On a 570 nm-thick yttrium film partly 
protected by a thin Pd layer and then exposed to ambient air, 
Huiberts et al [6] measured by RBS a 175 nm-depth 
penetration of oxygen in agreement with our results. 
Unfortunately, the duration of air exposure is not mentioned 
in their work. The sheet resistance of another sample cleaved 
in the same coated wafer which was stored in a box under 
nitrogen atmosphere after deposition also monotonically 
increases for several days, but at a lower rate than in ambient 
air (Fig. 2). This is consistent with a lower amount of O2 and 
H2O gases in the N2 storage box than in air. The oxygen profile 
of a Y film stored in ambient air was measured by RBS and 
NRA at two different times after deposition (Fig. 3). The 
increasing oxygen content contained in the surface of the film 
over time confirms the oxidation at ambient air of the Y film.  
Sheet resistance measurements of yttrium-based films 
stored in air are presented in Fig. 4. Conversely to pure 
yttrium, alloyed films present a nearly constant resistance 
during the measurement period of almost 3 months. So when 
yttrium is alloyed with titanium, zirconium or vanadium, the 
resulting native oxide becomes an efficient passivation layer. 
This demonstrates a first interesting advantage of Y-alloyed 
films when compared to pure Y film for their use as getter 
films:  a better reproducibility and stability of their initial state.  
B. Activation at 250°C 
The films were annealed at 250°C during 75 min to test 
their low activation temperature ability. During activation, the 
oxygen atoms in the surface oxide diffuse into the bulk of the 
films. We previously demonstrated this activation process for 
an yttrium film annealed at 250°C under high vacuum [11]. In 
this work, the getter films were exposed to traces of air during 
activation, so they absorbed O2 and H2O molecules. Because 
of this oxidation, the sheet resistance of the films increased 
after annealing (Fig. 5). The sheet resistance of the annealed 
pure yttrium film could not be measured because the film 
became insulating. For the three alloys, a larger resistance 
increase was observed than in pure Ti, Zr or V film. The sheet 
resistance was also found larger for alloy with high yttrium 
content. 
The oxygen content in the annealed films was quantified 
by NRA (Fig. 6). Results from the NRA were divided by the 
thickness to obtain doses in at/cm3. The films with the higher 
increase in sheet resistance are the ones which have absorbed 
the more oxygen. This is in agreement with electrical 
measurements. The maximum oxygen content (2.7 1022 
at./cm3) was measured for the Y44V56 film. Thus Y-alloyed 
thin films have higher sorption capacities at low temperature 
for oxygen than pure Y film. The best oxygen sorption 
performance is obtained with the V-Y alloy, then Ti-Y and Zr-
Y alloys. 
IV. CONCLUSION 
Thin films of Y, Zr-Y, Ti-Y and V-Y were co-evaporated 
under ultra-high vacuum. Their gettering properties for 
oxygen were evaluated at 250°C by electrical measurements 
and NRA quantification. 
It is evidenced that yttrium film is not stable during its 
storage in air at room temperature, but alloying yttrium with 
zirconium, titanium or vanadium increases the film stability. 
Alloying also increases the film oxygen gettering ability at 
low temperature. Among the alloys, the oxygen absorptions 
 
Fig. 4. Sheet resistance evolution of yttrium and Y-alloyed exposed to 
ambient air. 
 
Fig. 5. Sheet resistance variation of yttrium and Y-alloyed films after 
annealing at 250°C. 
Fig. 6. Quantity of oxygen absorbed and sheet resistance increase of 
yttrium and alloys after 250°C annealing under Ar. 
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increase with the yttrium content in the alloy, and the best 
absorptions were obtained with V-Y, then with Ti-Y and Zr-
Y. 
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